Background: Pneumonia is the most common cause of death among patients with infectious disease in Korea. However, studies of pneumonia with septic shock in patients presenting to the emergency department are limited. The aim of this study was to investigate the prognostic factors associated with pneumonia with septic shock in patients presenting to the emergency department. Methods: From January 2008 to September 2014, patients with pneumonia with septic shock admitted through the emergency department were retrospectively examined. Results: Of the 561,845 patients who visited the emergency department, 398 were admitted for pneumonia with septic shock. The 28-day mortality rate in these patients was 36.4%. The independent prognostic factors were old age (>70 yrs 
Introduction
Sepsis is one of the leading causes of death and spurs increases in socioeconomic burden around the world. According to the U.S. reports, more than 750,000 severe septic patients occur a year, and more than 500,000 septic patients presented to emergency room a year. [1] [2] [3] the short-term mortality of severe septic patients is estimated at 20-30%, and it soared to 50% when in patients with sepsis and septic shock. [4, 5] Furthermore, the incidence of sepsis is rising amid growing age population. [6] In attempting to reduce mortality from sepsis, many therapeutic approach are taken in the early stage of diagnosis because early therapy is crucial, and early goal directed therapy has emerged as a promising approach. [1, 7, 8] Along with sepsis, pneumonia poses a significant threat to patients in intensive care units (ICUs). According to the 2013 official health statistics, pneumonia is the primary cause of death in Korea. [9, 10] The number of pneumonia patients is estimated at around 4 million per year in the U.S., and one fourth of them are admitted to hospitals, 12% of them do not survive to discharge. The mortality rises to 40% when pneumonia has accompanying cc This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. bacteremia and sepsis. [11] Pneumonia is also the second most cause of ICU admission. [12, 13] While sepsis and pneumonia became increasingly lifethreatening, early therapy for these conditions has been widely explored and applied in medical research. However, prognostic factors of septic shock caused by pneumonia in the emergency department have not been well established, making evaluation of research review difficult. [14] This study therefore aimed to identify prognostic of septic shock caused by pneumonia by investigating outcomes in patients who were diagnosed with pneumonia-induced septic shock in emergency department of a hospital in Korea and the related literature.
Materials and Methods
This retrospective study was conducted in adult patients treated after being identified with septic shock caused by pneumonia in emergency department of a hospital from January 2008 to September 2014. It was a regional referral hospital receiving around 90,000 patients a year with 100 ICU beds.
The inclusion criterion was that septic shock occurred after pneumonia, which was confirmed through retrospective analysis of medical records and lab and imaging results.
Pneumonia was considered definitive in patients who had one of respiratory symptoms such as coughing, sputum and breathing difficulties prior to emergency room admission and lesions shown on chest X-rays. Septic shock was considered definitive when the systolic blood pressure remained 90 mmHg due to sepsis despite adequate amounts of fluid infusion. Fluid and vasopressor agents were administered according to the Surviving Sepsis Campaign guidelines. [1] Patients were excluded if they had no symptoms of infection, if they had anaphylactic shock or asthma seizure, if they died in the emergency department and if they had obscure cause of death according medical records.
Based on medical records, lab and image results, we identified or calculated date of emergency room (ER) visit, age, sex, primary diagnosis, department name, blood pressure, heart rate, respiratory rate, temperature, onset date, admission date, main symptoms, level of consciousness during ER visit, date that the determination was made to admit, Vital signs and lab values were derived from the measurements and blood test taken during ER visit, and onset was defined as the time point when patients showed a series of symptoms including coughing, sputum, fever and breathing
difficulties.
The 30-day mortality was measured from admission to death, discharge or 30 days after admission.
Statistical analysis was performed using the STATA/SE 
Discussion
This study aimed to identify prognostic factors affecting the survival in patients who developed pneumonia-induced septic shock after ER visit by investigating their vital signs, lab results and medical records and comparing survival and mortality groups.
Pneumonia causes more death than any other infectious diseases. [9] There have been numerous studies investigating effects of treatment and prognostic factors to improve survival rate in patients with pneumonia at home and abroad.
Laterre et al. [15] asserted that early initiation is an important factor affecting the survival in pneumonia patients with accompanying bacteremia in consideration of severity and high mortality rate. Lee et al. [16] reported the following factors affecting mortality and ICU stay in patients hospitalized due to pneumonia: age, pulse rate, hypoalbuminemia, total cholesterol, blood pigment, blood urea nitrogen, prothrom bin time and activated partial thromboplastin time. Park et al. [17] suggested pulse rate, respiratory rate, systolic pressure, arterial oxygen tension, etc. as independent prognostic factors. In this study, there were significant differences in age, systolic pressure, heart rate, APACHE II score, hemoglobin, INR etc. between survival and mortality groups, and age of 70 years or over, leukopenia, elevated INR, hypoxia were identified as independent prognostic factors.
In clinical settings, APACHE II score, CURB-65 (Confusion, Blood Urea Nitrogen, Respiratory Rate, Blood Pressure, age ≥ 65) and Pneumonia Severity Index (PSI) are used to measure disease severity and the need for inpatient care. High scores of these measurements are considered risk factors of death even when early detection and antibiotic therapy are provided. [18] In this study, APACHE II was used for measuring severity of illness. APACHE II scores range from 0-71, with higher scores indicating poorer prognosis. [19, 20] Effectiveness of APACHE II as an independent prognostic factor was proven in patients with septic shock caused by pneumonia in this study. Although APACHE II scoring system is still used on ICU admission, depending on the hospital, CURB-65 and PSI are more widely used as scoring systems for pneumonia patients on recent trends. It is also true that APACHE II has limitations to be used for patients in ER. However, APACHI II scores were effective for predicting prognosis and assessing mortality risk in this study. Further study is necessary to verify effectiveness of CURB-65 and PSI scores as prognostic factors in patients with septic shock caused by pneumonia.
As mentioned earlier, the incidence of sepsis continues to increase in aged population. [2, 6] These findings underscores the influence of age. Age is therefore assessed by severity scoring systems. Martin et al. [21] identified age as an independent prognostic factor in septic patients. In this study, age of 70 years or over was found to be independent factor predicting worse prognosis in patients with pneumoniainduced septic shock. The elderly patients are vulnerable to infection as a result of reduced inflammatory response, coagulation process and immune response, increasing risk of death. [22, 23] In assessing the severity of pneumonia, main criteria in- ProCESS Investigators et al. [25] were not confident about EGDT when comparing it with standard care in their study.
However, Gu et al. [26] claimed that EGDT effectively reduced the overall mortality rate in their study using metaanalysis. In Korea, Shin et al. [27] also found significant effects of EGDT in patients who developed septic shock after ER visits. In this study there were no differences in the time interval from ER visit to the first antibiotic therapy and central venous pressure between the two groups ( Table 1) .
A recent study reported that antibiotic therapy performed in patients with severe sepsis or septic shock within 1 hour or at 5 hours after ER admission had no effect on mortality. [28] Also, there was no significant difference in duration of antibiotic therapy in this study, although it is generally considered an important factor in treatment for sepsis. Along with EGDT, antibiotic duration appear to have mixed research findings. Given that EGDT is widely used for the treatment of sepsis as part of standard medical therapy, its widespread use appears to imply its proven effectiveness in improving prognosis of septic patients. [26, 29] However, age, severity of illness, inflammation-associated tissue hypoxia may be more useful to predict patient outcome. While antibiotic duration was found to have no effect on mortality in both grounds in this study, the mean duration was more than 5 hours in both groups although one hour is recommended for septic shock. This finding needs to be further investigated.
In this study, hypoxia was defined as PaO 2 of less than 83 mmHg to make it consistent with the level of blood oxygen that ER commonly uses to determine hypoxia. Although
PaO2 levels can vary with age and FiO 2 , the level needs to be specific and consistent to use in emergency situations like ER. However, further studies are necessary to identify better approaches to defining hypoxia in a prompt and easy
way.
This study has the following limitations: first, data were obtained retrospectively by medical record review. Secondly, the study was conducted in a single institution. For the completeness of data, a prospective cohort study involving several hospitals is necessary. Thirdly, EGDT was not applied to all patients at the same time in the same manner although this study indicates otherwise.
However, this study has yielded meaningful data on old age, APACHE II, leukocytes and, elevated INR by newly finding that these factors affect mortality in patients with pneumonia-induced septic shock in addition to sepsis, which were previously known. This study proposes attentive monitoring, early recognition and aggressive therapy of these factors in the management of septic shock caused by pneumonia, but a prospective, multicenter study is necessary to validate these conclusions.
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